This study takes inventory of available evidence on response repetition (RR) effects in task switching, in particular the evidence for RR cost when the task switches. The review reveals that relatively few task-switching studies in which RR effects were addressed have shown statistical support for RR cost, and that almost all are affected by 1 of 2 potential artifacts, either a response bias caused by disallowing stimulus repetitions or the effect of including stimulus repetitions in data analysis. New results with these factors controlled support an episodic retrieval model in which features of the retrieved trace, including the stimulus but also the task, task cue, and response, facilitate or interfere with performance depending on whether they match or mismatch the current processing context.
A response that repeats from one trial to the next often facilitates performance, though this depends on repetition of other characteristics of the processing context, such as the stimulus or stimulus category (e.g., Campbell & Proctor, 1993; Pashler & Baylis, 1991) . Task-switching procedures offer an interesting test bed for investigating response repetition (RR) effects, because a variety of contextual elements change from trial to trial, including not just the stimulus and stimulus category, but also the kind of judgment made about the stimulus (the "task") and the meaning or interpretation given to particular responses. One curious and possibly robust finding to emerge from task-switching studies in which RR effects are reported is that the usual benefits of response repetition accrue on trials on which the task repeats, but reverse to become costs on trials on which the task switches.
Although this RR cost is often regarded as an established effect (e.g., Vandierendonck, Liefooghe, & Verbruggen, 2010) , the evidence is actually somewhat ambiguous, in two senses. First, there is less of it than there might seem. Often what is reported is not statistical support for an RR cost per se but for an RR by taskswitching interaction, which by itself could mean that RR benefits register on task-repeat trials as usual and are simply null on task-switch trials (because the necessary elements of the processing context do not repeat). I review the evidence on this point shortly.
The second sense of ambiguity is linked to a potential methodological artifact. In many task-switching studies in which RR effects are reported, the probability of a response switch from one trial to the next is greater than the probability of a response repetition, an imbalance I refer to as response-switch (RS) bias. In the presence of RS bias, RR costs could simply reflect probability matching, especially if they tend to be small and ephemeral anyway. RR benefits could then reflect a mechanism such as stimuluscategory repetition counteracting the effects of RS bias on taskrepeat trials (Druey & Hübner, 2008b) .
One way that RS bias can arise is when there are more than two candidate responses per trial (e.g., Mayr & Bryck, 2005; Mayr & Kliegl, 2003) . This makes the probability of switching away from the just-made response greater than .5, but leaves the probability of any given response equal to the probability of any other. Thus, how effects of RS bias might play out behaviorally in this case is hard to say.
A more straightforward case is one in which the probability of a switch to a specific response is greater than the probability of a repeated response. This can arise through an interaction between the procedural constraint of disallowing stimulus repetition from one trial to the next and the use of particular kinds of stimuli. These include congruent stimuli, which map to the same response regardless of the task, and univalent stimuli, which afford a response under only one task. (Incongruent stimuli map to different responses under different tasks, and bivalent stimuli afford a response under both tasks.)
For example, in one common set of materials, in which the stimuli are digits 1 through 9 except 5 and the tasks are parity and magnitude (e.g., Schuch & Koch, 2004) , there are four congruent and four incongruent stimuli. If a congruent stimulus was presented on the previous trial and so is disallowed on the current trial, three congruent stimuli remain available, two of which map to a response switch and only one to a response repetition. All four incongruent stimuli remain available. Thus, on trials after congruent trials, RS bias is 4/7. I refer to this as local RS bias, because it holds only for certain trials (those after congruent trials). If an incongruent stimulus was presented on the previous trial and so is disallowed on the current trial, the probability of a response switch is 3/7 if the task switches and 4/7 if the task repeats. I refer to these as local canceling biases because they work against each other in aggregate data and therefore should not contribute to any overall RS bias as long as the frequency of task switches and task repeats is equal. (Local canceling biases could still affect behavior by working against RR costs on task-switch trials and against RR benefits on task-repeat trials, and thus working against the RR by switching interaction. I return to this point later.) Under the usual conditions in which stimulus selection is otherwise randomized and task selection is randomized, the overall probability of a response switch is (1/2)(1/2 ϩ 4/7) ϭ 15/28 ϭ .54. I refer to this as global RS bias because it characterizes the overall proportion of response switches in a session.
The case of univalent stimuli follows a similar logic. For example, in another common set of materials, eight different digits are associated with the parity task, and eight different letters are associated with the consonant/vowel task (e.g., Rogers & Monsell, 1995) . If a univalent stimulus-a single digit or letter-was presented on the previous trial and so is disallowed on the current trial, the probability of a response switch on the current trial is 1/2 if the task switches (because the candidate stimuli for the new task are a different set) but is 4/7, again, if the task repeats. If half of all trials are task switches and half are task repeats, then global RS bias is, again, 15/28. In general, the degree of global RS bias depends on the number of stimuli that map to a given response. In the previous examples, this was four; if it were two (e.g., Cooper & Mari-Beffa, 2008) , global RS bias would be slightly larger, at 7/12 ϭ .58.
Apart from RR cost itself, another finding that local RS bias may explain is the previous-trial congruency effect (Druey & Hübner, 2008b; Hübner & Druey, 2006 . This presents as an RR by previous-trial congruency interaction in which a congruent stimulus on the previous trial facilitates response switches relative to response repetitions on the current trial. Druey and Hübner attributed the effect to stronger activation of a response by a congruent than by an incongruent stimulus, which triggers increased inhibition of that response afterwards, which then carries over to the next trial. However, stimulus repetitions were disallowed in the studies in which the effect has been reported (Druey & Hübner, 2008b; Hübner & Druey, 2006 , so an alternative account is that the system inhibits a response to a congruent stimulus simply because that response is less likely than the other response(s) to be needed on the next trial.
A separate question is whether the previous-trial congruency effect and RR cost are really separate effects. Most studies of RR effects in task switching have included congruent stimuli in the procedure (the exceptions seem to be Experiments 2 and 3 of Steinhauser & Hübner, 2006) , but none have yet explicitly tested whether or not RR cost was reliable on trials after incongruent trials. Thus, available evidence on RR cost could largely reflect the mixing of trials after congruent trials with trials after incongruent trials in the data submitted to analysis.
Above I raised two challenges to the evidence for RR costs in task switching, one concerning the amount of such evidence and another concerning the possibility of a methodological artifact. To put these on a more concrete footing, I surveyed the literature for evidence on two general points-the number of studies in which RR costs on task-switch trials specifically were reported, and the prevalence of global RS bias. Table 1 summarizes the results. For  each experiment, the table shows the size and significance of   simple RR effects on task-repeat and task-switch trials 1 and of the RR by task-switching interaction. A blank cell indicates that a size or significance was not reported or could not reasonably be inferred. I inferred a simple RR effect (at one level of task switching) when there was a main effect of response repetition (across levels of task switching) in that direction and the trend for the other simple RR effect had the opposite sign (e.g., Druey & Hübner, 2008b) . The table also indicates the size of any global RS bias. To compute this, I assumed that stimulus repetitions were allowed unless the procedure indicated otherwise or I was able to confirm this fact with an author (Hübner & Druey, 2008) . Omitted from Table 1 are task-switching studies in which RR effects were touched upon but these specific inferential tests were not reported, and those from which it was impractical to extract descriptive statistics (Druey & Hübner, 2008a; Fagot, 1994; Goschke, 2000; Kleinsorge & Heuer, 1999; Meiran, 1996 Meiran, , 2005 Watter & Logan, 2006) . These omissions plus the set in Table 1 seem to represent a complete set of task-switching studies in which RR effects are addressed, as measured against the citations given for RR effects in the studies themselves and those given in two current taskswitching review articles (Kiesel et al., 2010; Vandierendonck et al., 2010) .
There are two main points to be drawn from Table 1 . The first is that the statistical test for the RR by task-switching interaction, which is reported in 38 of 47 cases for response latencies and 33 of 47 cases for errors, is often not followed up by a test of the simple effect of response repetition on task-switch trials; the simple effect is reported or implied in only 21 of 47 cases each for response latencies and errors. Moreover, the simple effect was reliable or marginally reliable in only 14 of 21 cases for response latencies, with one of these supporting a reliable RR benefit instead of a cost, and in 18 of 21 cases for errors, with three of these supporting a reliable RR benefit. In all, then, only about a third of task-switching studies in which RR effects are reported in detail offer statistical support for RR cost on task-switch trials. This is a far smaller proportion than for other core task-switching phenomena, such as backward inhibition (Koch, Gade, Schuch, & Philipp, 2010; Mayr & Keele, 2000) and, of course, task-switch cost, and even for phenomena that have been studied less intensively, such as within-run effects (Altmann & Gray, 2008; Poljac, de Haan, & van Galen, 2006) .
The second main point to be drawn from Table 1 is that in slightly more than half of the cases-25 of 47-there was a global RS bias (i.e., p(RS) Ͼ .50). To test what role this might have played in RR cost, I performed a simple meta-analysis. Figure 1 shows plotted means of all RR effects in Table 1 separated by task switching and absence or presence of global RS bias. For response latencies, global RS bias did not relate to RR effects, F Ͻ 1, and did not interact with task switching, F Ͻ 1. For errors, however, global RS bias did relate to RR effects, F(1, 35) ϭ 5.6, p ϭ .023, though again it did not interact with task switching, p ϭ .222. Thus, there is some evidence for probability matching as a source of RR cost, though the heterogeneity of the sources is important to keep in mind; for example, some experiments involved a deadline procedure that amplified error effects at the expense of latency effects (Steinhauser & Hübner, 2006) , and another was designed explicitly to minimize RR cost (Hübner & Druey, 2006, Experiment 3) . Nonetheless, the analysis makes the point that there is not just the fact of the potential artifact but also an empirical basis to think it influences behavior.
In the experiments in Table 1 without global RS bias (i.e., p(RS) ϭ .50), task-switch trials showed a reliable RR cost for latencies (Ϫ24 ms), t(20) ϭ 4.9, p Ͻ .001, and a trend toward RR cost for errors (Ϫ0.82%), t(13) ϭ 1.2, p ϭ .125 (one-tailed), so there is also evidence for RR cost without probability matching. However, the procedure in all these experiments allowed stimulus repetitions-and in most cases (except Experiments 2 and 3 of Steinhauser & Hübner, 2006) , stimulus repetition trials were also included in the data submitted to analysis. Stimulus repetition generally facilitates response repetition (e.g., Campbell & Proctor, 1993; Goschke, 2000; cf. Mayr & Bryck, 2005) , and if it did in these cases, too, it would have amplified RR benefits and attenuated RR costs. Stimulus repetition effects are therefore important to understand not just for their direct effects on processing but also for how they might interact with understanding RS biases.
One construct relevant to understanding stimulus repetition effects is episodic retrieval, the idea that a repeated stimulus can retrieve an episodic code formed on the previous trial (Neill, 1997) . Such codes have been characterized as "snapshots" of whatever details of the episodic context were processed at the time, including the stimulus and response but also possibly the task (Hommel, 2004; Hommel, Müsseler, Aschersleben, & Prinz, 2001) , and seem to play a role in a wide range of task environments (e.g., Altmann & John, 1999; Horoufchin, Philipp, & Koch, 2011; Neill, 1997; Trafton, Altmann, & Ratwani, 2011) , suggesting that they may reflect general mechanisms that are as likely to play a role here as anywhere else. For present purposes, the hypothesis is that a repeated stimulus in effect retrieves the response made to that stimulus on the previous trial. However, in the task-switching context, there are other elements of the processing context that can repeat, and if an episodic code represents whatever was processed to make a response (Hommel et al., 2001) , perhaps the task cue, or even the task itself, could function as retrieval cues. A generalized view of episodic retrieval is therefore that the more elements of the episodic context repeat, the more response repetition will be primed.
Against the background of these empirical, methodological, and theoretical issues, the present experiments address three main sets of questions. The first is whether and to what extent probability matching-global, local, or some combination-drives RR cost. It may drive all, in which case the effect is perhaps not so interesting. It may drive some, in which case we will have learned to control for RS biases in future studies. It may drive no detectable amount, in which case we will have learned that the degree of global RS bias I implement here, which is the modal amount in Table 1 , is not a concern, even if larger biases may still be.
The second question is whether RR costs reduce to the previoustrial congruency effect. If so, this would narrow the set of candidate mechanisms to those triggered by the processing of a congruent stimulus. Either way, one of these mechanisms may or may not be probability matching, so this question is orthogonal to the first.
The third set of questions concerns stimulus repetition and episodic retrieval. Of particular interest is testing a generalized view of episodic retrieval in which any repeated element of the processing context can retrieve the previous response. Such a mechanism could offer a simple explanation of RR effects generally, even in situations in which no actual percept repeats from one trial to the next (e.g., Schuch & Koch, 2004) . The results here on this point are clear enough to warrant development of a fairly detailed model in the General Discussion. The aim is to address these questions both conclusively, with ample statistical power and with replication, and also in general terms, such that the answers transfer to the most common procedural conditions. I therefore used the most common kind of taskswitching procedure, in which the task is cued explicitly before each trial, and the most common stimuli (digits 1-9 except 5) and tasks (parity and magnitude). I also included a cue-stimulus interval (CSI) manipulation because this is common and because available data are mixed on whether the processes driving RR effects are amenable to advance preparation (Meiran, 2000; Yehene & Meiran, 2007) .
Experiment 1
In Experiment 1, I manipulated global RS bias between participants. There was a bias group, in which congruent stimuli were included and stimulus repetitions (SR) were disallowed. There were two control groups, each with one of these factors reversed. In the no-bias/SR group, congruent stimuli were included and stimulus repetitions were allowed (but then excluded from analysis in the general case). In the no-bias/OI group, only incongruent (OI) stimuli were included, and stimulus repetitions were disallowed.
I organized the analyses into five sections. The first two addressed probability matching. The first analysis focused on the bias and no-bias/SR groups, which included congruent stimuli, so both global and local probability matching were addressed. Global probability matching predicted that response switches should be favored relative to response repetitions more in the bias group than in the no-bias/SR group. Local probability matching predicted a larger previous-trial congruency effect in the bias group than in the no-bias/SR group.
The second analysis focused on trials after incongruent trials, reusing half the data from the bias and no-bias/SR groups and adding all the data from the no-bias/OI group. Global probability matching again predicted that response switches on trials after incongruent trials should be favored relative to response repetitions more in the bias group than in the other two groups.
The third analysis addressed whether RR cost was reliable on task-switch trials after incongruent trials in order to test whether RR cost would reduce to the previous-trial congruency effect.
In the fourth and fifth analyses, I examined the evidence for episodic retrieval. The focus of the fourth was on repetition of the task cue and the task. To this end, I used a 2:1 cue-task mapping (Logan & Bundesen, 2003; Mayr & Kliegl, 2003) , which allowed task-repeat trials to be subdivided into no-switch trials, on which the task and the task cue both repeat, and cue-switch trials, on which the task repeats but the task cue is a different cue with the same meaning. If the task cue primes episodic retrieval, response repetitions should be favored more on no-switch trials than on cue-switch trials. If the task primes episodic retrieval, response repetitions should be favored more on cue-switch trials than on task-switch trials. In the fifth analysis, I examined stimulusrepetition trials in the no-bias/SR group to see how they might have influenced RR effects had I included them in the other analyses.
Method

Participants.
Seventy-five undergraduates from Michigan State University participated in exchange for partial credit toward a course requirement. They were assigned in equal numbers to the bias, no-bias/SR, and no-bias/OI groups. Six participants (three, one, and two, respectively) were replaced because their overall error rate exceeded 10%, the threshold at which they were prompted between blocks to perform more accurately.
Materials. For the bias and no-bias/SR groups, the imperative stimulus was selected from the digits 1-9 except 5. For the no-bias/OI group, the imperative stimulus was selected from the four of these digits that were incongruent under the response mapping for that session. Stimulus selection was random except that in the bias and no-bias/OI groups, the stimulus selected on the previous trial was disallowed as a candidate for selection on the current trial.
On each trial, the task was to judge either the parity (even or odd) or the magnitude (relative to 5) of the imperative stimulus. One task cue was presented on each trial, and was one of "parity", "magnitude", "even odd", or "high low." In the two cues that are composed of two words, the left-right order of the words was compatible with the response mapping. On each trial, the task was randomly selected first, after which the task cue was randomly selected to be one of the two cues for that task. Half of all trials were thus task switches and half task repeats, so that the local canceling biases I described earlier should have canceled out on balance and thus should have generated no net global bias.
Stimuli and cues were presented in a white Monaco font on a dark background and centered horizontally on the computer screen, with the cue slightly above vertical center and the stimulus slightly below so both could be displayed together. A character was about 12 mm high and 7 mm wide; participants' viewing distance was about 60 cm from the screen.
Responses were made with the index fingers pressing the Z and / keys of a QWERTY keyboard. The two stimulus categories for each task (even and odd for the parity task and high and low for the magnitude task) mapped to different responses. The response mapping was fixed within and randomized between participants.
Procedure. A trial began with onset of a task cue, followed by a CSI randomly selected to be 100 or 900 ms, followed by onset of the imperative stimulus. Cue and stimulus remained on display until the response, which was followed by a response-cue interval (RCI) during which the screen was blank. The RCI and CSI between successive trials always summed to 1 s as a control for interactions of intertrial interval and RR effects (e.g., Notebaert & Soetens, 2003) . No feedback was given between trials.
A session began with the participant working through online instructions and a practice block of 36 trials, with the experimenter present to answer questions. This was followed by 24 experimental blocks of 36 trials each. After each experimental block, participants were given a chance to rest and received accuracy feedback: Those who had scored below 90% were asked to try to be more accurate, and those who had scored 100% were asked to try to increase their speed. A session lasted 30 -45 min. Participants were not made aware of the bias manipulation or the level to which they had been assigned.
All trials from the practice block, the first trial of each experimental block, and stimulus repetition trials-occurring only in the no-bias/SR group, and except in Analysis 5-were excluded from analysis. Error trials and trials after error trials were excluded from analysis of response latencies, which I trimmed by taking medians. Error proportions were arcsine-root transformed for analysis and then back transformed and converted to percentages for presentation in figures and discussion in the text.
Results and Discussion
Response latencies and errors are shown plotted in Figure 2 and appear in Table 2 along with statistics for simple effects of response. As a check on the implementation, I compared actual proportions of response switches to the criterion values from the arithmetic I described earlier. In the bias group, the actual and criterion values were .533 and 15/28 ϭ .536, respectively, for global RS bias, and .575 and 4/7 ϭ .571 for local RS bias. Across the two no-bias groups, the actual and criterion values were .497 and .500 for global RS bias. Tested against variability between participants, the actual values did not differ from the corresponding criterion values, ts Ͻ 1, but did differ from each other, ps Ͻ .001.
In the following, I present the five analyses I foreshadowed earlier, the first two addressing probability matching, the third testing RR cost on trials after incongruent trials, and the fourth and fifth addressing episodic retrieval.
Analysis 1: Probability matching in groups with congruent stimuli. This analysis was conducted to examine the effects of global and local RS bias in the two groups with congruent trials.
The design of the analysis of variance (ANOVA) was 2 (group: bias, no-bias/SR) ϫ 2 (response: repetition, switch) ϫ 3 (switching: no-switch, cue-switch, task-switch) ϫ 2 (previous-trial congruency: congruent, incongruent) ϫ 2 (CSI: 100, 900).
For latencies, there were reliable main effects of response, F(1, 48) ϭ 32.3, p Ͻ .001; switching, F(2, 96) ϭ 60.4, p Ͻ .001; and CSI, F(1, 46) ϭ 400.1, p Ͻ .001, and a marginal main effect of group, F(1, 48) ϭ 3.7, p ϭ .059. There were reliable two-way interactions of response and previous-trial congruency, F(1, 48) ϭ 22.9, p Ͻ .001; response and switching, F(2, 96) ϭ 10.8, p Ͻ .001; and switching and CSI, F(2, 96) ϭ 47.4, p Ͻ .001, as well as a marginal two-way interaction of group and switching, F(2, 96) ϭ 2.5, p ϭ .084. The five-way interaction was also reliable, F(2, 96) ϭ 4.6, p ϭ .013, but is difficult to interpret. I return to the Switching ϫ CSI interaction in Analysis 4, in which I examine the full data set.
Latencies showed no evidence of global probability matching. The Group ϫ Response interaction was null, F Ͻ 1, with RR cost not reliably different in the bias (Ϫ31 ms) and no-bias/SR (Ϫ27 ms) groups. Latencies also showed no evidence of local probability matching. The Group ϫ Response ϫ Previous-Trial Congruency interaction was null, F Ͻ 1, with RR cost larger after congruent trials (Ϫ52 ms) than after incongruent trials (Ϫ11 ms) in the bias group, but also larger after congruent trials (Ϫ49 ms) than after incongruent trials (Ϫ4 ms) in the no-bias/SR group. Thus, the previous-trial congruency effect replicated but was numerically smaller in the bias group (42 ms) than in the no-bias/SR group (45 ms), the opposite of what local probability matching would predict.
For errors, there were reliable main effects of response, F(1, 48) ϭ 13.4, p ϭ .001; previous-trial congruency, F(1, 48) ϭ 4.8, p ϭ .034; switching, F(2, 96) ϭ 27.3, p Ͻ .001; and CSI, F(1, 48) ϭ 4.1, p ϭ .049. There were reliable two-way interactions between response and switching, F(2, 96) ϭ 14.2, p Ͻ .001, and between response and previous-trial congruency, F(1, 48) ϭ 4.3, p ϭ .044. No other contrasts were reliable.
Errors showed no evidence of global probability matching. The Group ϫ Response interaction was null, F(1, 48) ϭ 1.8, p ϭ .187, with RR cost (Ϫ0.57%) not reliably different in the bias (Ϫ0.82%) and no-bias (Ϫ0.35%) groups. Errors also showed no evidence of local probability matching. The Group ϫ Response ϫ PreviousTrial Congruency interaction was null, F(1, 48) ϭ 1.2, p ϭ .270, with RR cost larger after congruent trials (Ϫ1.06%) than after incongruent trials (Ϫ0.60%) in the bias group, but also larger after congruent trials (Ϫ0.97%) than after incongruent trials (0.20%) in the no-bias/SR group. Thus, the previous-trial congruency effect again replicated but was again numerically smaller in the bias group (0.46%) than in the no-bias/SR group (1.17%).
To ask whether the previous-trial congruency effect was driven by response repetitions or response switches, I decomposed the Response ϫ Previous-Trial Congruency interactions into simple effects. Response repetitions were faster, F(1, 48) ϭ 7.0, p ϭ .011, and more accurate, F(1, 48) ϭ 6.3, p ϭ .016, after incongruent trials (806 ms, 1.37%) than after congruent trials (828 ms, 2.17%). Response switches were slower, F(1, 48) ϭ 6.7, p ϭ .013, but not reliably less accurate, F Ͻ 1, after incongruent trials (798 ms, 1.19%) than after congruent trials (778 ms, 1.15%). Thus, the Table 2 ). N ϭ no-switch; C ϭ cue-switch; T ϭ task-switch; SR ϭ stimulus repetition; OI ϭ only incongruent.
previous-trial congruency effect fell on both response repetitions and response switches but more reliably on the former.
Analysis 2: Global probability matching in all three groups. In this analysis, I tested again for evidence of global probability matching, focusing on trials after incongruent trials, which are available in all three groups. Thus, half the data from the bias and no-bias/SR groups are examined in context of all the data from the no-bias/OI group. The ANOVA design was 3 (group: bias, no-bias/ SR, no-bias/OI) ϫ 2 (response: repetition, switch) ϫ 3 (switching: no-switch, cue-switch, task-switch) ϫ 2 (CSI: 100, 900). Note. MSE (mean square error), F, and p values are for the simple effect of response (repetition or switch) on 24 error degrees of freedom. CSI ϭ cue-stimulus interval; RS ϭ response switch; RR ϭ response repetition; SR ϭ stimulus repetition; OI ϭ only incongruent; CI ϭ within-participants confidence interval (Hollands & Jarmasz, 2010; Loftus & Masson, 1994) for the response effect in a Response ϫ CSI design; |RS Ϫ RR| ϭ absolute value of RR effect. p Ͻ .05 if and only if √2CI Ͻ |RS Ϫ RR|.
For latencies, there were main effects of switching, F(2, 144) ϭ 94.9, p Ͻ .001, and CSI, F(1, 72) ϭ 523.6, p Ͻ .001, and reliable two-way interactions of response and switching, F(2, 144) ϭ 7.6, p ϭ .001, and switching and CSI, F(2, 144) ϭ 40.3, p Ͻ .001. The only other reliable contrast, for which there was no clear interpretation, was the Group ϫ Response ϫ Switch ϫ CSI interaction F(4, 144) ϭ 2.5, p ϭ .046. The Group ϫ Response interaction was null, F(2, 72) ϭ 1.4, p ϭ .244, with RR effects on trials after incongruent trials not reliably different across the bias (Ϫ11 ms), no-bias/SR (Ϫ4 ms), and no-bias/OI (14 ms) groups, so there was no support for global probability matching.
For errors, there were main effects of switching, F(2, 144) ϭ 32.7, p Ͻ .001, and CSI, F(1, 72) ϭ 5.2, p ϭ .025, a reliable interaction of response and switching, F(2, 144) ϭ 17.3, p Ͻ .001, and a marginally reliable interaction of group and response, F(2, 72) ϭ 2.5, p ϭ .091. No other contrasts were significant. The marginal Group ϫ Response interaction is weak support for global probability matching, with the difference in RR cost across the bias (Ϫ0.60%), no-bias/SR (0.20%), and no-bias/OI (Ϫ0.24%) groups being consistent with probability matching in the bias group. One aim in Experiment 2 was to see if this effect would converge.
Analysis 3: RR costs after incongruent trials.
To test whether RR cost can be found on trials after incongruent trials, I examined task-switch trials after incongruent trials using a 3 (group: bias, no-bias/SR, no-bias/OI) ϫ 2 (response: repetition, switch) ϫ 2 (CSI: 100, 900) design. For latencies, RR cost (Ϫ34 ms) was reliable, F(1, 72) ϭ 12.5, p ϭ .001, and there was a marginal Group ϫ Response interaction, F(2, 72) ϭ 2.9, p ϭ .060, indicating a weak difference in RR cost across groups. For errors, RR cost (Ϫ1.97%) was again reliable, F(1, 72) ϭ 49.3, p Ͻ .001, but there was no Group ϫ Response interaction, F(2, 72) ϭ 1.3, p ϭ .272.
Thus, RR costs did register on task-switch trials after incongruent trials. The main effect of response was reliable for both latencies and errors, and although for latencies it was qualified by a marginal interaction with group, the simple effect of response did not reverse for any group. For errors, the main effect was not qualified by an interaction with group. This pattern is clear enough to support the inference that whatever mechanism drives RR costs is not tied specifically to processing triggered by a congruent stimulus on the previous trial.
The marginal Group ϫ Response interaction for latencies is consistent with local canceling biases, which occur on trials after incongruent trials when stimulus repetitions are disallowed. As I described earlier, these should work against RR costs on taskswitch trials and against RR benefits on task-repeat trials. In the no-bias/OI group, where there were only four candidate stimuli and all were incongruent, local canceling biases were 2/3 and affected all trials, and RR cost on task-switch trials was smallest (Ϫ7 ms). In the bias group, where local canceling biases were 4/7 and affected half of trials, RR cost on task-switch trials was larger (Ϫ31 ms). In the no-bias/SR group, where local canceling biases were absent, RR cost on task-switch trials was largest (Ϫ64 ms). Thus, local canceling biases may have affected latency RR cost on task-switch trials. However, the Group ϫ Response interaction was null for errors, and for task-repeat trials (F Ͻ 1 for latencies and p ϭ .205 for errors, collapsed over no-switch and cue-switch trials), where RR benefits should have been affected. Thus, the marginal Group ϫ Response interaction for latencies may have been due to noise. I revisit this issue in Experiment 2.
Analysis 4: Repetition of the task cue and the task. The main aim in this analysis was to test the episodic retrieval account by asking how task cue repetition and task repetition modulate RR effects. If repeating any element of the episodic context helps in the retrieval of the previous response, then response repetitions should benefit more on no-switch trials than on cue-switch trials and more on cue-switch trials than on task-switch trials. The relevant statistical test is the Response ϫ Switching interaction applied pairwise between no-switch and cue-switch trials and between cue-switch and task-switch trials. To include all the data, I used two separate ANOVAs within each pairwise contrast, one for trials after incongruent trials in the bias, no-bias/SR, and no-bias/OI groups, and one for trials after congruent trials in the bias and no-bias/SR groups. The other factors in both designs were response (repetition, switch), switching (no-switch, cue-switch) or (cue-switch, task-switch), and CSI (100, 900).
Additional aims here were to decompose the Switching ϫ CSI interaction from earlier analyses (using the pairwise switching contrasts) and to examine the Response ϫ CSI interaction (using the full data set) to see whether preparation time would modulate RR effects. For brevity, I report only the Response ϫ Switching, Switching ϫ CSI, and Response ϫ CSI interactions and any reliable higher order interactions in which these were involved.
The Response ϫ Switching interaction for the no-switch/cueswitch contrast was reliable for latencies on trials after incongruent trials, F(1, 72) ϭ 4.0, p ϭ .049, with the RR effect on no-switch trials (35 ms) differing from that on cue-switch trials (Ϫ2 ms), and for latencies on trials after congruent trials, F(1, 48) ϭ 12.0, p ϭ .001, with the RR effect on no-switch trials (6 ms) differing from that on cue-switch trials (Ϫ72 ms). The interaction was not reliable for errors after incongruent or congruent trials, Fs Ͻ 1. Thus, task cue repetition favored response repetition for latencies but made no difference for errors.
The Response ϫ Switching interaction for the cue-switch/taskswitch contrast was not reliable for latencies on trials after incongruent trials, F(1, 72) ϭ 2.3, p ϭ .131, or for latencies on trials after congruent trials, F Ͻ 1. The interaction was reliable for errors on trials after incongruent trials, F(1, 72) ϭ 21.2, p Ͻ .001, with the RR effect on cue-switch trials (0.26%) differing from that on task-switch trials (Ϫ1.97%), and for errors on trials after congruent trials, F(1, 72) ϭ 5.7, p ϭ .021, with the RR effect on cue-switch trials (Ϫ0.36%) differing from that on task-switch trials (Ϫ2.20%). Thus, task repetition favored response repetition for errors but made no difference for latencies.
These results support the idea that repeating any element of the episodic processing context, whether external (the task cue) or internal (the task), aids in the retrieval of the previous response. An unexpected but clear pattern was the latency/error dissociation between contrasts: the Response ϫ Switching interaction registered for latencies but not errors in one contrast and for errors but not latencies in the other. Similar dissociations have been reported before; a clear example lies in the six experiments from Rogers and Monsell (1995) listed in Table 1 . It may be that because cue-switch and task-switch trials are already slow, the system is more likely to give itself a deadline to respond such that manipulations that would otherwise affect latency affect the error rate instead. Apart from whatever might cause it, however, this disso-ciation underscores the importance of researchers analyzing errors as well as latencies. Schneider and Logan (2005) , for example, concluded that RR effects on cue-switch trials mirrored those on task-switch trials, consistent with their theoretical perspective, but only examined their latencies.
The Switching ϫ CSI interaction in the no-switch/cue-switch contrast was reliable for latencies on trials after incongruent trials, F(1, 72) ϭ 49.4, p Ͻ .001, with a smaller CSI effect on no-switch trials (219 ms) than on cue-switch trials (364 ms), and for latencies on trials after congruent trials, F(1, 48) ϭ 26.3, p Ͻ .001, with again a smaller CSI effect on no-switch trials (204 ms) than on cue-switch trials (340 ms). The interaction was not reliable for errors in either case, Fs Ͻ 1. In the cue-switch/task-switch contrast, the interaction was marginally reliable for latencies on trials after incongruent trials, F(1, 72) ϭ 3.1, p ϭ .081, but with a larger CSI effect on cue-switch trials (364 ms) than on task-switch trials (337 ms). The trend for errors was the same, with the CSI effect larger on cue-switch trials (0.55%) than on task-switch trials (0.22%), though was not reliable, F(1, 72) ϭ 2.7, p ϭ .102. On trials after congruent trials, the interaction was not reliable for latencies or errors, Fs Ͻ 1. Thus, the Switching ϫ CSI interaction for latencies was entirely driven by the no-switch/cueswitch contrast. I defer further discussion of these patterns until Experiment 2. None of the candidate Response ϫ CSI interactions was reliable, smallest p ϭ .106. I again defer discussion until Experiment 2.
Analysis 5: Repetition of the imperative stimulus. Episodic retrieval predicts that a repeated stimulus should retrieve the response from the previous trial. When the imperative stimulus repeats, a repeated response is correct in most cells of the design, so a stimulus repetition should facilitate performance. When the imperative stimulus repeats on task-switch trials after incongruent trials, in contrast, a repeated response is incorrect, so stimulus repetition should impair performance. Including stimulus repetition trials in the data submitted to analysis should therefore work against RR cost on task-switch trials. Table 3 shows the data for stimulus-repetition trials in the no-bias/SR group, for those cells of the design in which stimulus repetitions could occur. Data from stimulus-switch trials are carried over from Table 2 for comparison. Task-switch trials on which the stimulus switched showed RR costs of Ϫ83 ms for latencies and Ϫ2.00% for errors, whereas task-switch trials on which the stimulus repeated showed RR benefits of 7 ms for latencies and 3.91% for errors. Thus, including stimulus repetitions in the other analyses would have reduced RR cost on task-switch trials, especially in the error data. This would explain the pattern in the error data in Figure 1 . The larger error RR cost for studies with global RS bias was probably not due to probability matching, according to the results of Analyses 1 and 2. Instead, it was likely counteracted in the studies without global RS bias because stimulus repetition trials were included not only in the procedure but in the data analysis. I take a more detailed look at the data in Table 3 in the General Discussion.
Experiment 2
The general aim in Experiment 2 was replication. This was motivated in part by the evidence from Table 1 that there is less evidence for RR costs in the literature than there might seem, but there were also two results in Experiment 1 that were new and worth confirming-the finding of RR cost on task-switch trials after incongruent trials (Analysis 3) and the decrease in RR benefits from no-switch to cue-switch and from cue-switch to taskswitch (Analysis 4), which supports a generalized notion of episodic retrieval. There were also two marginal effects in Experiment 1 that were important to either confirm as noise or see converge. The first was the one in which the error RR effect on trials after incongruent trials varied across groups in a manner consistent with global probability matching (Analysis 2). The second was the one in which latency RR cost on task-switch trials after incongruent trials varied across groups in a manner partly consistent with an effect of local canceling biases (Analysis 3). Both cases involved interactions with group, so to increase power here I manipulated bias within participants.
Method
The method was identical to that in Experiment 1, except as follows. One hundred new participants were recruited from the same pool, five of whom were replaced for having overall error rates above 10%. To leave enough observations per cell, given that the bias manipulation was within participants, I omitted the nobias/SR condition. Each participant performed one half-session in the bias condition and one half-session in the no-bias/OI condition, with order of half-sessions counterbalanced between participants. The practice phase at the start of a session was performed under the same condition as the first experimental block. Participants were again not made aware of the bias manipulation or of the transition between levels in the middle of the session.
Results and Discussion
Response latencies and errors are plotted in Figure 3 and reported in Table 4 . Adapted versions of Analyses 1-4 from Experiment 1 are repeated here.
Analysis 1: Previous-trial congruency effect. In this experiment, only one condition (bias) had congruent trials, so in this analysis I could ask only whether the previous-trial congruency effect would replicate in this condition and how it would be distributed over response switches and repetitions. The design was 2 (response: repetition, switch) ϫ 3 (switching: no-switch, cueswitch, task-switch) ϫ 2 (previous-trial congruency: congruent, incongruent) ϫ 2 (CSI: 100, 900). For brevity, I report only main effects and interactions involving previous-trial congruency.
Latencies showed no main effect of previous-trial congruency, F Ͻ 1, but there was a Response ϫ Previous-Trial Congruency interaction, F(1, 99) ϭ 9.8, p ϭ .002. Response repetitions were faster after incongruent trials (790 ms) than after congruent trials (810 ms), F(1, 99) ϭ 5.3, p ϭ .023, and response switches were marginally slower after incongruent trials (786 ms) than after congruent trials (773 ms), F(1, 99) ϭ 3.4, p ϭ .070.
Errors showed no main effect of previous-trial congruency, F(1, 99) ϭ 1.4, p ϭ .242, but there was a Response ϫ Previous-trial Congruency interaction, F(1, 99) ϭ 11.2, p ϭ .001. Response repetitions registered fewer errors after incongruent trials (1.06%) than after congruent trials (1.66%), F(1, 99) ϭ 7.4, p ϭ .008, and response switches registered marginally more errors after incongruent trials (0.92%) than after congruent trials (0.70%), F(1, 99) ϭ 3.8, p ϭ .053. There was also a Previous-Trial Congruency ϫ Switching interaction, F(2, 198) ϭ 4.2, p ϭ .016, further modulated by a Response ϫ Previous-Trial Congruency ϫ Switching interaction, F(2, 198) ϭ 5.1, p ϭ .007, which I interpret in context of the model I describe in the General Discussion. Thus, the previous-trial congruency effect replicated again, and as in Experiment 1, it fell more reliably on response repetitions than response switches.
Analysis 2: Global probability matching. In this analysis, I tested for evidence of global probability matching on trials after incongruent trials. The design was 2 (condition: bias, no-bias/ OI) ϫ 2 (response: repetition, switch) ϫ 3 (switching: no-switch, cue-switch, task-switch) ϫ 2 (CSI: 100, 900).
Latencies showed main effects of switching, F (2, 198) Table 4 ). N ϭ no-switch; C ϭ cue-switch; T ϭ task-switch; OI ϭ only incongruent. reliable interactions of condition and CSI, F(1, 99) ϭ 3.0, p ϭ .086, and response, switching, and CSI, F(2, 198) ϭ 2.5, p ϭ .087. The Condition ϫ Response interaction was null, F Ͻ 1, with the RR effect in the bias condition (Ϫ0.14%) and the no-bias/OI condition (Ϫ0.04%) not reliably different, so there was again no support for global probability matching. In particular, the marginal error effect from Experiment 1 did not converge.
Analysis 3: RR costs after incongruent trials. In this analysis, I tested for evidence of RR cost on task-switch trials after incongruent trials. The design was 2 (condition: bias, no-bias/ OI) ϫ 2 (response: repetition, switch) ϫ 2 (CSI: 100, 900). Latencies showed a reliable RR cost (Ϫ14 ms), F(1, 99) ϭ 4.1, p ϭ .047, and a reliable Condition ϫ Response interaction, F(1, 99) ϭ 9.2, p ϭ .003, with RR effects different in the bias (Ϫ30 ms) and no-bias/OI (3 ms) conditions. Errors also showed a reliable RR cost (Ϫ1.55%), F(1, 99) ϭ 43.0, p Ͻ .001, and a Condition ϫ Response interaction, F(1, 99) ϭ 6.1, p ϭ .015, with RR cost different in the bias (Ϫ1.90%) and no-bias/OI (Ϫ1.10%) conditions. The error RR cost in the no-bias/OI condition was still reliable, F(1, 99) ϭ 13.8, p Ͻ .001, so as in Experiment 1, there was enough evidence of RR costs on task-switch trials after incongruent trials to suggest that they are not tied specifically to a congruent previous stimulus.
There is half the evidence necessary, here, to say that local canceling biases affected performance. In Experiment 1, there was some evidence that they reduced RR costs on task-switch trials, and here this was reliable, with RR costs on task-switch trials smaller in the no-bias/OI condition than in the bias condition, for latencies and errors. However, there was again no evidence that local canceling biases affected RR benefits on task-repetition trials (Fs Ͻ 1 for latencies and errors, collapsed over no-switch and cue-switch trials). It may be that local canceling biases interact in some way with episodic retrieval, assuming this occurs mainly on task-repeat trials.
Analysis 4: Repetition of the task cue and the task. The main aim here was to test the episodic retrieval account by asking how task cue and task repetition modulate RR effects. The relevant test is the Response ϫ Switching interaction, applied within noswitch/cue-switch and cue-switch/task-switch contrasts. Additional aims were to decompose the earlier Switching ϫ CSI Note. MSE (mean square error), F, and p values are for the simple effect of response (repetition or switch) on 24 error degrees of freedom. CSI ϭ cue-stimulus interval; RS ϭ response switch; RR ϭ response repetition; OI ϭ only incongruent; CI ϭ within-participants confidence interval (Hollands & Jarmasz, 2010; Loftus & Masson, 1994) for the response effect in a Response ϫ CSI design; |RS Ϫ RR| ϭ absolute value of RR effect. p Ͻ .05 if and only if √2CI Ͻ |RS Ϫ RR|.
interaction and to address whether CSI modulated RR effects. Each ANOVA involved the factors context (bias previous-trial congruent, bias previous-trial incongruent, no-bias/OI), response (repetition, switch), switching (no-switch, cue-switch) or (cueswitch, task-switch), and CSI (100, 900). For brevity, I report only the Response ϫ Switching, Switching ϫ CSI, and Response ϫ CSI interactions and any reliable higher order interactions in which these take part. The Response ϫ Switching interaction for the no-switch/cueswitch contrast was reliable for latencies, F(1, 99) ϭ 25.6, p Ͻ .001, with the RR effect on no-switch trials (21 ms) differing from that on cue-switch trials (Ϫ32 ms), but was not reliable for errors, F Ͻ 1. For the cue-switch/task-switch contrast, the interaction was not reliable for latencies, F Ͻ 1, but was reliable for errors, F(1, 99) ϭ 33.8, p Ͻ .001, with the RR effect on cue-switch trials (0.01%) differing from that on task-switch trials (Ϫ1.59%). There were two higher order interactions-Response ϫ Switching ϫ CSI for latencies in the no-switch/cue-switch contrast, F(1, 99) ϭ 4.6, p ϭ .035, and Context ϫ Response ϫ Switching ϫ CSI for errors in the cue-switch/task-switch contrast, F(2, 198) ϭ 4.0, p ϭ .019 -that I do not try to interpret.
These results closely parallel those of Experiment 1. Response repetitions were favored on no-switch trials relative to cue-switch trials and on cue-switch trials relative to task-switch trials, supporting a generalized episodic retrieval account in which task cues and tasks both aid in the retrieval of the previous response. The evidence again registered in terms of latencies in one case and errors in the other.
The Switching ϫ CSI interaction for latencies was reliable for the no-switch/cue-switch contrast F(1, 99) ϭ 108.3, p Ͻ .001, with the CSI effect smaller on no-switch trials (199 ms) than on cueswitch trials (331 ms). The interaction was also reliable for the cue-switch/task-switch contrast, F(1, 99) ϭ 14.2, p Ͻ .001, but with the CSI effect larger on cue-switch trials (331 ms) than on task-switch trials (288 ms). The interaction was not reliable for errors, F Ͻ 1 for the former contrast and p ϭ .300 for the latter.
Thus, as in Experiment 1, the conventional Switching ϫ CSI interaction, in which switch cost is smaller at longer CSIs (in within-participant designs; Altmann, 2004) , was driven by the no-switch/cue-switch contrast, replicating previous results (Koch, Lawo, Fels, & Vorlander, in press; Mayr & Kliegl, 2003) . This pattern can be read as evidence against a costly task-set reconfiguration process that runs only on task-switch trials, assuming this would ordinarily run during the preparatory interval. However, this interpretation also assumes that processing on cue-switch and task-switch trials is much the same, and various lines of evidence paint a more complicated picture. The reverse Switching ϫ CSI interaction for the cue-switch/task-switch contrast-mirrored also as a trend in Koch, Lawo, et al. (in press )-suggests that processing on cue-switch trials is more amenable to advance preparation. Cue-switch performance is more variable than task-switch performance; in 15 of 16 cases in Tables 2 and 4 , mean square error for the simple effect of response was higher for cue-switch trials than for task-switch trials. Finally, cue-switch performance and taskswitch performance dissociate under many if not most conditions (Altmann, 2007; Gade & Koch, 2008; Mayr, 2006; Monsell & Mizon, 2006) , as they did here for errors.
2 Cue-switch cost and task-switch cost could thus reflect quite different processes, assumptions to the contrary notwithstanding (e.g., Logan & Bundesen, 2003; Schneider & Logan, 2005) .
The Response ϫ CSI interaction was reliable for latencies in the cue-switch/task-switch contrast, F(1, 99) ϭ 7.6, p ϭ .007, with a larger RR cost for CSI 100 (Ϫ42 ms) than for CSI 900 (Ϫ19 ms). The interaction was not reliable for errors or for either measure in the no-switch/cue-switch contrast, Fs Ͻ 1, or for any of the instances tested in Experiment 1. On balance, then, the assumption that response-related adjustments are largely not amenable to advance preparation (Meiran, 2000) seems to be on solid ground.
General Discussion
There were three sets of questions to be addressed here. The first was whether RS biases could have driven RR costs in previous studies, and the results on this question were quite clear: There was little discernible evidence of probability matching to the biases implemented here. There was weak evidence of global probability matching in Analysis 2 of Experiment 1 for errors, but this did not converge in Experiment 2. There was no evidence of local probability matching; I tested this only in Experiment 1, but the trends there were opposite to the prediction. At the same time, RR cost on task-switch trials replicated nicely, ruling out global and local probability matching as primary causes, at least for the moderate RS biases that are modal in the literature (Table 1) .
The second question was whether RR costs on task-switch trials would register specifically after incongruent trials. They did, reliably enough to support the inference that RR costs are not strictly tied to processes triggered by a congruent stimulus, and to establish RR cost and the previous-trial congruency effect as distinct phenomena.
The third set of questions concerned stimulus repetition effects. The results here support a generalized view of episodic retrieval in which repeated elements of the episodic context in effect prime the previous response. In Experiments 1 and 2, the more of the episodic context repeated (no-switch most, cue-switch intermediate, task-switch least), the greater the facilitation of response repetitions relative to response switches. Trials on which the imperative stimulus repeated would have worked against RR cost on task-switch trials in the general case had I included them (Experiment 1, Analysis 5). Thus, in Figure 1 , error RR cost was probably smaller in studies without global RS bias not because 2 I report here the main effects of switching on errors from Analysis 4 of Experiments 1 and 2. In Experiment 1, on trials after incongruent trials, the no-switch error rate (1.14%) did not differ from the cue-switch error rate (1.08%), F Ͻ 1, which was lower than the task-switch error rate (2.70%), F(1, 72) ϭ 63.0, p Ͻ .001. On trials after congruent trials, the no-switch error rate (1.52%) was reliably higher than the cue-switch error rate (1.00%), F(1, 48) ϭ 5.7, p ϭ .021, which was again lower than the task-switch error rate (2.51%), F(1, 48) ϭ 27.9, p Ͻ .001. In Experiment 2, the no-switch error rate (0.85%) did not differ from the cue-switch error rate (also 0.85%), F Ͻ 1, which was lower than the task-switch error rate (2.23%), F(1, 99) ϭ 103.7, p Ͻ .001. Thus, cue-switch errors were consistently no more frequent than no-switch errors and reliably less frequent than task-switch errors, which on balance is the pattern in previous studies (Altmann, 2006; Arrington & Logan, 2004; Horoufchin et al, 2011; Mayr, 2006; Mayr & Kliegl, 2003; Monsell & Mizon, 2006, Experiments 2, 3, and 6; cf. Logan & Bundesen, 2003; Monsell & Mizon, 2006, Experiment 1; Schneider & Logan, 2005). there was no bias but because stimulus repetitions were included in the data.
In the following, I review the two main contemporary accounts of RR effects in task switching and then present a more detailed model of my results. The as-yet more common of the two existing accounts appeals to a trial-by-trial biasing of associations between a response and its different meanings (Brown, Reynolds, & Braver, 2007; Meiran, 2000; Meiran, Kessler, & Adi-Japha, 2008; Schuch & Koch, 2004) . For example, if the response "left" maps to "high" and "even", and on a particular trial signifies "high," then the association to "high" had to be strengthened and the association to "even" weakened in order for this response to be made. These settings are assumed to carry over to the next trial. Thus, if the response repeats and the task also repeats, performance will be facilitated because the same settings can be reused. If the response repeats but the task switches, performance will be impaired because the settings have to be reversed. If the response switches, the settings are not applicable. This mechanism explains both RR cost on task-switch trials and RR benefit on task-repeat trials, but does not explain the previous-trial congruency effect.
To explain this effect, Druey and Hübner (2008b; Hübner & Druey, 2006 appeal to a mechanism in which response codes are inhibited to prevent accidental re-execution, in proportion to how strongly they were originally activated. This is supported by the general argument that repetition priming of any kind comes with a risk of perseveration that calls for a short-term inhibitory mechanism (Baddeley, Emslie, Kolodny, & Duncan, 1998; Juvina & Taatgen, 2009) . Under the further assumption that a response is more strongly activated by a congruent than an incongruent stimulus, response repetitions should be more inhibited after congruent than incongruent trials.
This response-inhibition account depends on some other process to explain RR benefits on task-repeat trials and the RR by task-switching interaction. One candidate is stimulus-category repetition (Druey & Hübner, 2008b) , which is associated with repetition benefits in other procedures (e.g., Campbell & Proctor, 1993) . However, in studies like that of Campbell and Proctor (1993) , the stimulus categories are typically mutually exclusive (e.g., digits, letters, and other symbols). In contrast, stimulus categories in task-switching procedures are often overlappingthe digit 2 being both even and low, for example. Whether stimulus-category overlap might in fact negate stimulus-category repetition benefits remains to be seen. That issue aside, the present results indicate at least that stimulus-category repetition cannot be the only source of RR benefits on task-repeat trials, given that RR effects differed between no-switch and cue-switch trials. Thus, the present results can be read as an update of the response-inhibition model, indicating that at least one process that works to counteract response inhibition is episodic retrieval, the evidence being that the more the episodic context overlaps with the previous trial, the more response repetitions are favored over response switches.
A Feature-Integration Model of Response Repetition Effects in Task Switching
Here I develop an alternative model based on episodic retrieval alone. To do so requires some mechanism by which retrieving an episodic trace can generate costs as well as benefits, as a basis for accounting for RR costs. In the feature-integration model of Hommel and colleagues (Hommel et al., 2001; Hommel, Proctor, & Vu, 2004) , a feature that switches from one trial to the next, or mismatch, is a source of interference. A repeated feature, or match, is a source of facilitation, and also serves as a retrieval cue that activates all other features of the retrieved trace, including mismatches. Under these operating principles, an episodic trace that overlaps only partially with the current processing context can slow performance relative to a trace that mismatches the current processing context completely, for example. In the former case, there could be many mismatching features generating interference, and in the latter case, with no matching features at all, there would be no retrieval and thus no interference.
A key premise of this model is that the episodic trace plays a functional role during the trial on which it is formed. Specifically, the trace functions as an "action plan" that binds the stimulus, response, and other relevant features of the processing context together to guide performance (Hommel et al., 2001) . To illustrate the importance of the action plan, Hommel et al. consider an agent who has the goal of reaching for a cherry in an environment in which there is also a (green) apple. If both the cherry and the apple have been perceived, and thus their feature codes activated, the reaching action can only succeed if it follows a plan that binds the reaching code to features of the intended target.
A key assumption for current purposes is that when an action plan/episodic trace is retrieved, all its constituent features, including the response, function equivalently as retrieval cues and matching and mismatching features. The response can play this kind of role because it must be selected before it can be bound, and after it is selected, it can help in the retrieval of a previous action plan, which can then affecting binding. In this view, RR cost can emerge when a repeated response is the only matching feature, for example, because mismatches on the remaining features will generate interference, and on response switch trials there will be no matching features and thus no retrieval. This view that the response functions as just another feature is consistent with my assumption throughout that any repeated element of the processing context can serve as an episodic retrieval cue.
To apply the model here, I developed a simple mapping from feature matches and mismatches to units of facilitation and interference. I assume that each matching feature interacts pairwise with every other feature of the retrieved trace, either positively or negatively depending on whether the other feature itself matches or not. I take the features here to include the task cue, the task, the stimulus, and the response. Figure 4 shows the model configured for conditions in which stimulus repetitions have been excluded from analysis. Filled markers represent matches and empty markers represent mismatches. Each solid line represents one unit of facilitation, scored as Ϫ1 to be consistent with the hypothetical effect on performance. Each dashed line represents one unit of interference, scored as 1. The match score is the sum of facilitation and interference within a condition (down a column). Algebraically the match score is
where m is the number of features that match across episodic trace and current context, n is the number of features that mismatch across episodic trace and current context, and C is the choose relation. In Figure 4 , each RR effect is the match score for response switches minus the match score for response repetitions.
The value is thus positive for RR benefits and negative for RR costs, just as for performance measures. The model as presented in Figure 4 predicts an RR benefit (3) for no-switch trials, a null RR effect for cue-switch trials, and an RR cost (Ϫ3) for task-switch trials. This is qualitatively the pattern of Response ϫ Switching interactions and simple effects of response in Figures 2 and 3 , ignoring the main effects of switching.
The model as presented in Figure 4 does not explain the previous-trial congruency effect, because the features listed there do not change as a function of previous-trial congruency. However, an additional representation that may play a role is the direct association that seems to form between a congruent stimulus and its response (Kiesel, Wendt, & Peters, 2007) . Here I assume that such associations exist and that their effect is to amplify or potentiate the interaction between the stimulus and response, whatever its valence. More precisely, I assume that such an association weights the value of the interaction between those two features (1 or Ϫ1 in Figure 4 ) by a factor greater than 1. Thus, on response repetition trials, in the general case where the stimulus switches, the interference between stimulus and response should be stronger after congruent than after incongruent trials. In contrast, on response switch trials, there should be no effect of previous-trial congruency, because the stimulus and response do not interact (Figure 4 ). Because this weighting is specific to this one interaction, and therefore independent of other feature matches or mismatches, it is consistent with the additive effect of previous-trial congruency and switching.
This mechanism would mean that response repetitions, rather than response switches, should drive the previous-trial congruency effect, because the stimulus and response only interact on response repetitions (Figure 4 ). On both measures in both experiments (Analyses 1), response repetitions were in fact impaired on trials after congruent trials relative to trials after incongruent trials. However, response switches were also, though less reliably, facilitated on trials after congruent trials relative to trials after incongruent trials. Thus, the data are consistent with this weighting mechanism but also suggest that another mechanism may be at play. The same problem arises for the response-inhibition account I described earlier, which similarly specifies a process limited to response repetitions (Druey & Hübner, 2008b) .
To test the model together with this weighting mechanism, I applied it to the stimulus repetition (SR) data from the no-bias/SR group of Experiment 1. The logic should be unchanged from that in Figure 4 , because by hypothesis the stimulus and the response play equivalent functional roles. Figure 5 shows the model configured to the conditions in Table 3 . On no-switch trials, the model predicts a strong SR benefit (6), and the SR benefit was reliable for latencies (95 ms), F(1, 24) ϭ 63.1, p Ͻ .001, and errors (0.96%), F(1, 24) ϭ 82.4, p Ͻ .001. On cue-switch trials, the model predicts a weaker SR benefit (3), and there was an interaction of switching (no-switch, cue-switch) and stimulus (repetition, switch) for latencies, F(1, 24) ϭ 12.7, p ϭ .002, and errors, F(1, 24) ϭ 5.4, p ϭ .029, but still a residual SR benefit on cue-switch trials for errors (0.58%), F(1, 24) ϭ 38.5, p Ͻ .001, though not for latencies, F Ͻ 1. On task-switch trials, the prediction depends on whether the previous trial was incongruent or congruent, because the response switches in one case but not the other. On task-switch trials after incongruent trials, the prediction is for an SR cost (Ϫ3), and SR cost was reliable for latencies (Ϫ91 ms), F(1, 24) ϭ 15.2, p ϭ .001, and errors (Ϫ2.75%), F(1, 24) ϭ 11.8, p ϭ .002. On task-switch trials after congruent trials, the base prediction is for a null SR effect (3 Ϫ 3 ϭ 0). However, under the interpretation of A feature-integration model of response repetition effects in task switching. A filled/empty circle represents a feature match/mismatch between current context and retrieved trace. A solid line connects two features that each match, and counts Ϫ1 toward the condition match score. A dashed line connects a feature that matches with a feature that mismatches, and counts 1 toward the condition match score. RS ϭ response switch; RR ϭ response repetition; RR effect ϭ RS match score Ϫ RR match score.
the previous-trial congruency effect I developed earlier, the interaction between stimulus and response should be stronger after congruent trials. With the weight on the interaction taken to be 2, for example, the prediction is for an SR benefit (4 Ϫ 2 ϭ 2; these are the parenthetical values in Figure 5 ). The SR benefit was reliable for errors (3.16%), F(1, 24) ϭ 28.2, p Ͻ .001, though not for latencies, F Ͻ 1. Thus, the model predicts the data quite well, though a caution is that the sample size here was relatively small. To further test the model, I applied it to a recent study in which RR effects in task switching were examined as a function of spatial response discriminability (Koch, Schuch, Vu, & Proctor, 2011) . In the low-discriminability (low-D) condition, the response keys (h and j) were neighbors to one another, and in the high-D condition, they were more distant (a and #, on a German keyboard). To model this manipulation, I included a feature representing spatial location, in addition to the four features in Figure 4 , and coded this as always matching in the low-D condition and always mismatching in the high-D condition. Thus, for example, no-switch response repetitions in the low-D condition would have involved four matches and one mismatch, for a match score (per Equation 1) of (4)(1) Ϫ 4 C 2 ϭ Ϫ2. On no-switch trials, the model predicts RR benefits of 5 in the low-D condition and 2 in the high-D condition, and RR benefits were reliably larger in the former than in the latter (76 ms vs. 50 ms in Experiment 1 and 91 ms vs. 66 ms in Experiment 2). On task-switch trials, the model predicts RR costs of Ϫ1 in the low-D condition and Ϫ4 in high-D condition, and RR costs were reliably smaller in the former than in the latter (Ϫ21 ms vs. Ϫ57 ms in Experiment 1 and Ϫ5 ms vs. Ϫ44 ms in Experiment 2). The predicted effect of discriminability was equal for no-switch and task-switch trials, and empirically the interaction of discriminability and task switching was null in both experiments. Thus, the model again predicted the data quite well.
Overall, the feature-integration model offers a comprehensive account of stimulus and response repetition effects in at least the present task-switching study and seems to hold promise to generalize to others. In terms of task switching, this converges with other lines of evidence to suggest that episodic retrieval plays a central role in cognitive control (Altmann & Gray, 2008; Horoufchin et al., 2011; Waszak, Hommel, & Allport, 2003) . In terms of the repetition effect as originally construed (Bertelson, 1965) , the model may offer new leverage on the deceptively simple question of whether this depends on repetition of the stimulus or the response or both. The long history of studies of this question (see Kleinsorge, 1999 , for a review) has generated empirical conflicts from the start, with Bertelson (1965) identifying the first RR benefits and Smith (1968) the first RR costs, and the theoretical picture has since grown quite complicated (e.g., Pashler & Baylis, 1991) . Perhaps a simple counting of matching and mismatching features, assuming these can in general be objectively derived from the experimental procedure, could help bring more coherence to these data.
Finally, the present results support the feature integration construct in relation to the conflict adaptation hypothesis developed to explain another effect of previous-trial congruency, which is that an incongruent previous trial (sometimes) facilitates overall performance on the current trial (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Brown et al., 2007) . Hypothetically, incongruency on one trial recruits additional attentional resources that then influence performance on the next trial. This would have predicted a main effect of previous-trial congruency here, for example, but Table 3 ). A filled/empty circle represents a feature match/mismatch between current context and retrieved trace. A solid line connects two features that each match, and counts Ϫ1 toward the condition match score. A dashed line connects a feature that matches with a feature that mismatches, and counts 1 toward the condition match score. Parenthetical values are based on the assumption that stimulus and response interact twice as strongly after congruent trials than after incongruent trials (see text). SS ϭ stimulus switch; SR ϭ stimulus repetition; SR effect ϭ SS match score Ϫ SR match score; subscript I ϭ previous-trial incongruent; subscript C ϭ previous-trial congruent.
this was not observed on either measure in either experiment (Analyses 1). Evidence thus seems to mount that this core result that motivated the conflict adaptation hypothesis in the first place is part of a larger pattern of sequential effects that is more comprehensively explained in terms of the feature-integration construct Wendt, Kluwe, & Peters, 2006) .
Conclusions
The review I undertook here revealed that evidence for RR costs in task switching is not as robust as characterizations in the literature often suggest. It also revealed two potential artifacts, one or the other of which was present in almost all existing studies in which RR effects in task switching were addressed. Of the two, RS bias did not detectably affect performance in the present experiments. Stimulus repetition did, however, and its effects conform closely to a view of episodic retrieval in which any repeated feature of the current processing context serves as a retrieval cue, and other features of the retrieved trace facilitate or interfere with processing on the current trial depending on whether they repeat or switch. The associative biasing, response inhibition, and stimuluscategory repetition mechanisms proposed in previous models of RR effects in task switching seem to be superfluous-but clearly an important goal for future work is to test the reach of the episodic retrieval model more thoroughly.
